S. robustum, and S. edule Hassk.) (Artschwager and Brandes, 1958; Daniels and Roach, 1987), which are Pansahi. These major groups excluding Pansahi were 
the carbohydrates synthesized and stored in sugarcane, particularly sucrose and starch, corroborate, to a surprising degree, the boundaries of species and racial groups on the basis of taxonomic grouping. Jeswiet (1920) used T he World Collection of Sugarcane and related sugar concentration to separate groups of S. officigrasses is currently vegetatively maintained at both narum. Dutt and Narasimhan (1951) tested starch accu-USDA-ARS Clonal Germplasm Repository, Miami, mulation in the stems of 215 wild species and cultivars FL, and the Sugarcane Breeding Institute, Coimbatore, and found that S. robustum and S. officinarum had, at India. The Collection at Miami contains 303 accessions most, a trace of starch, whereas S. spontaneum, S. siof S. officinarum L., 41 S. sinense Roxb., 55 S. barberi Jesw., and 84 S. robustum Brandes and Jeswiet ex Grassl nense, and S. barberi accumulated much starch. HPLC (Schnell and Lewis, 1996) . A limited number of acceshas been used for quantifying plant chemical constitsions has been used in the production of modern sugaruents (Bianchini and Gaydou, 1980; Stewart et al., 1979; cane cultivars (Berding and Roach, 1987) . One reason Stewart et al., 1980) . This technique also has been used for this is the lack of characterization of clones in the for distinguishing among S. spontaneum clones on the collection. Sugar content is one of the most important basis of their sugar profiles (Tai et al., 1998 ; Tai and traits in a commercial sugarcane breeding program. The Miller, 2001) . information on sugar composition can assist curators in Sugar composition would be useful for grouping clones differentiating clones in the germplasm collection and in the germplasm collection. Those clones with high help sugarcane breeders enhance the effective use of sucrose content may carry useful sugar genes for imgermplasm. The introduction of new germplasm could proving the current sugarcane cultivars. The objective enhance the successful development of improved sugarof this study was to characterize sugarcane germplasm cane cultivars. Classification of the species of Saccharum by means of an analysis of sugar composition of four has been carried out by various sugarcane botanists Saccharum species, S. officinarum, S. barberi, S. robus-(Barber, 1918; Jeswiet, 1925; Mukherjee, 1954; Artschtum, and S. sinense. wager, 1954; Artschwager and Brandes, 1958 (Steel and Torrie, 1980) . A combined analysis of variance with two crop cycles of data was performed on each measurement clones (three commercial checks and two clones from each species) also were collected from the second-year (first ratoon) of juice quality to determine the magnitude of genotype ϫ crop interaction effect (SAS, 1988) . Plant-cane data on three crop in February 2001 to measure juice quality. Each cane stalk sample consisted of 3 to 8 stalks depending on the stalk sugar traits (sucrose, glucose, and fructose) based on the HPLC measurements were used for both principal component diameter and was divided equally into three segments: base, middle, and top. Only the top and middle segments were and cluster analyses. Cluster analysis was performed on the basis of all three principal components by the average linkage crushed for juice analysis; the bottom segment (oldest stem) was discarded. Differences in sugar accumulation are greatest method (SAS, 1988) . in the young stem (the top segment), but those differences become smaller toward in the older stem (Clements, 1980) .
RESULTS AND DISCUSSION
Each juice sample was divided into two subsamples: one for Brix-pol analysis (Meade and Chen, 1977) and the other for
The t-test comparing the two sample means showed HPLC analysis (Clarke et al., 1983) . The Brix-pol analysis was no significant difference between top and middle segcarried out immediately after the cane sample was crushed.
ments in all four Saccharum species and commercial
The other set of juice samples was stored immediately at cultivars. Therefore, we used means of top and middle Ϫ80ЊC until the HPLC analysis could be performed. The segments for principal component and cluster analyses.
Brix-pol analysis was used to measure Brix (g kg Ϫ1 ) by elec-
The lack of differences between top and middle segtronic refractometry and apparent sucrose (g kg Ϫ1 ) by polarments for all sugar traits is likely due to the fact that imetry. Apparent purity (%) was computed as follows: (apparent sucrose/Brix) ϫ 100. Sucrose (g kg Ϫ1 ), glucose (g kg Ϫ1 ), the stalk samples were taken when cane plants had reached maturity and after they had been exposed to drought for more than 30 d before sampling (Clements, 1980) . Sampling at an earlier time in the season or after rain could affect the relative sugar concentrations for some clones.
A combined analysis of variance with data from both plant-cane and first ratoon crops indicated that the clones did not respond similarly to crop cycles for all traits except total sugar (Table 1 ). The effect of crop cycles was confounded with the year effect (Kang et al., 1987) . The pattern of variation would be expected to change from crop to crop due to a differential response of some clones to crop cycles.
The four commercial cultivars had the highest mean for Brix, sucrose, purity, and total sugar and were the lowest in glucose and fructose (Table 2) . Saccharum barberi had the lowest means for Brix, sucrose, and total sugar and the highest for glucose and fructose among the five groups of sugarcane clones. Saccharum officinarum clones had the second highest sucrose content, and their juice contained a moderately low concentration of glucose and fructose. Brix-pol and HPLC analyses indicated that the concentration of these sugar traits varied within and between species. The variation of these sugar traits was continuous and did not appear to be discrete among species (Fig. 1) . Saccharum officinarum clones had the widest distribution of sucrose concentration ranging from 48.8 to 218.4 g kg Ϫ1 , whereas S. barberi clones had the narrowest distribution of sucrose concentration ranging from 48.0 to 123.8 g kg Ϫ1 . The frequency distributions for S. barberi, S. robustum, and S. officinarum were skewed toward high sucrose content, whereas that for S. sinense was skewed toward low sucrose content. Combined frequency distributions for the four Saccharum species showed a marked skewness toward high glucose or fructose. Both Brix-pol and HPLC analyses showed that a few S. officinarum clones exceeded commercial cultivars in sucrose content. These S. officinarum clones were originally collected from their natural habitats and from domesticated garden canes, which may have been selected for sweeter chewing canes for many centuries by natives in New Guinea (Artschwager and Brandes, 1958) , whereas the commercial cultivars have been intensively selected for high sucrose through breeding. These S. officinarum clones, however, may provide useful sugar genes for improving current commercial sugarcane cultivars in the future.
Brix-pol analysis indicated that S. barberi and S. robustum had the highest coefficient of variation (CV%), whereas S. sinense had the lowest coefficient of variation ( Table 2) . The HPLC analysis, however, indicated S. officinarum had the highest variation, whereas the S. sugar traits tested, and suggested that S. officinarum germplasm could provide sugarcane breeders with a great diversity of genetic resources for these sugar traits. for commercial cultivars, S. barberi, S. robustum, and A simple correlation of sucrose measurements deter-S. sinense, but the two reducing sugars were not signifimined by Brix-pol and HPLC analyses was significantly cantly correlated to apparent purity for S. officinarum. positive, whereas that of Brix-pol sucrose with either A significant correlation between sucrose and glucose glucose or fructose was significantly negative in all five and between sucrose and fructose (HPLC analysis) was groups of sugarcane (Table 3) . Both glucose and frucnot detected in all four Saccharum species, but correlation between glucose and fructose was highly significant. tose showed a negative effect on apparent purity of juice Distribution of the 117 clones of four species and four content and from the lowest sucrose content to the highest sucrose content. The S. sinense clones were clustered commercial cultivars on the basis of the first and second principal components based on sucrose, glucose, and around a long, narrow plot stretching from low sucrose and glucose-fructose contents to moderate sucrose and fructose contents from the HPLC analysis showed that the first two principal components accounted for 98% glucose-fructose contents. Most S. barberi clones were distributed around the plot ranging from low sucrose of the standardized variation, with the first principal component accounting for 69% of the variation (Fig. content and low to moderate glucose-fructose content to high glucose-fructose content and moderate sucrose 2). The first principal component was a positive measure of both glucose and fructose contents. The second princontent. Nearly one-half of the clones of four Saccharum species were located in a plot, with moderately low cipal component was a large positive measure of sucrose. Three commercial cultivars (CP 70-1133 , CP 72-1210 sucrose content and moderately low glucose-fructose content overlapping among them. More S. barberi and CP 72-2086) were clustered with a small group of S. officinarum in the high sucrose and low glucose-fructose clones were overlapped with S. robustum than with either S. officinarum or S. sinense. Three clones, two S. group. Saccharum officinarum had the largest dispersion, whereas S. sinense had the smallest dispersion. The robustum and one S. officinarum , showed an extremely low sucrose S. officinarum clones were distributed from the lowest glucose-fructose content to the highest glucose-fructose content (HPLC sucrose ϭ 55.0 g kg Ϫ1 , 56.0 g kg
Ϫ1
, and 
g kg

Ϫ1
, respectively). All clones with high sucrose Cluster analysis using the principal components based on sucrose, glucose, and fructose contents from the HPLC content (190 g kg Ϫ1 or higher) belonged to S. officinarum (Spaansch, White Transparent,  measurement, four species and four commercial cultivars were grouped into 11 clusters (Table 4) . Among the four NG 51-42, and NG 77-92) and commercial cultivars (CP 70-1133 , CP 72-1210 , and CP 72-2086 , which also were Saccharum species, S. officinarum clones were divided into the largest number of groups (nine clusters) and low in glucose and fructose content. One S. officinarum clone, Muntok Java, and two S. barberi clones, Rakhra diversity, whereas S. sinense was divided into the fewest (three clusters). These clusters overlapped among speand Paunra, had moderate sucrose contents (142.7 g kg Ϫ1 , 102.6 g kg Ϫ1 , and 89.9 g kg Ϫ1 , respectively) and cies and were highly unbalanced with respect to number of clones. , and fructose 2.4 second principal components. g kg Ϫ1 ). Three S. officinarum clones, NG 51-42 (Cluster The grouping, however, revealed a pattern of variation VII), NG 77-72 (Cluster VIII), and Muntok Java (Clusof the sugar traits. Information on the sugar composition ter XI), were each classified into a separate cluster with of these species could help curators characterize clones a single clone. One S. robustum clone and in the World Collection. This information should also two S. officinarum clones assist sugarcane breeders in selecting desired clones for were grouped together (Cluster VI) with a moderately their breeding programs. high mean value for sucrose (184.5 g kg Ϫ1 ) and moderately high glucose (12.6 g kg Ϫ1 ) and fructose (13.2 g component and cluster analyses did not produce clear- Jeswiet, I. 1920 . Reschnijoring der sorten van het suikerriet. Tiend rijdrage zestien corspronkelijke rietsoorten uit den maleischen arcut separations between the four species of Saccharum.
